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Abstract . There are several ateas in radiation physics which are yet to be properly 
explored Some of these unsolved problems in the field of radiation physics of gamma ray 
photons are discussed in the paper
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1. Introduction
When a field of crops has been harvested, harvesters arc often followed by gleaners, persons 
who collect the residuals of overlooked or neglected crops. The present paper is an attempt by 
a gleaner in the field of radiation physics to draw the attention of other gleaners, especially the 
younger ones, to some as yet unsolved problems in the field of gamma ray radiation 
physics. The investigations proposed below have been rather randomly chosen apart from the 
fact that they have the unifying common feature of, directly or indirectly exploiting simple 
geometrical symmetries in their experimental set up. More specifically we shall be concerned 
with:
(a) investigations on the coherent scattering of gamma rays by atoms in the energy 
band in which Rayleigh scattering is the dominant component of coherent 
scattering,
(b) the design considerations of an experimental arrangement for the measurement 
of total cross section of samples available in the gaseous form,
(c) investigate the conditions under which a modified cylindrical transmission is 
exactly equivalent, in the limit, to sphere transmission. Measurement of energy 
absorption and photoelectric cross sections and
(d) explore the feasibility of developing an intense source of gamma rays of smootKly 
variable energy for studying nuclear resonance scattering.
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2. Investigations on Rayleigh scattering
(i) It is well-known that the coherent scattering of gamma rays can take place through a number 
of processes like nuclear Thompson scattering, Rayleigh scattering, Dclbruck scattering etc. 
We shall focus our attention to the energy range of photons where Rayleigh scattering is the 
dominant coherent process such that the coherent scattering cross section is essentially given 
by the Rayleigh scattering cross section.
Comparison of experimental and theoretical values of differential coherent scattering 
cross sections is an important exercise in the energy range under consideration. While making 
this comparison, possible errors in the quoted values of the cross sections must be included, 
so that one can assign error limits to the ratios of experimental and the corresponding theoretical 
cross sections.
(ii) Rayleigh scattering : theory
According to the lowest nonvanishing order of perturbation theory, Rayleigh scattering is a 
two-vertex process given by the Feynman scheme (Fig. 1). According to first diagram la, the 
photon is absorbed first before the emitted photon while the order is reversed in the second 
diagram lb. The double lines indicate that the electron in the initial, intermediate and the final 
states is under the influence of the central Coulomb fields of the nucleus and the other atomic 
electrons. Hence bound state electronic wave functions arc to be used for the initial and the 
final states while bound and continuous state wave functions are to be used for the intermediate 
state. In terms of the conventional second order perturbation theory, the transition amphtu c 
M for Rayleigh scattering is given in the usual notation, by
( 1 )
the + and -  sign in the denominator refer to the first and second diagrams 1 a, 1 b respectively. 
The perturbation Hamiltonian is given by
H' = eaA(  a ), (2)
(a) (b)
Figure 1. Feynman diagram for Rayleigh scattering.
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which in the non-relativistic limit is
H' =  — VA . (?)
me
Franz [1| and later Bethc |2] using Feynman method have shown that in the 
nonrelati vistic limit and in cases where the binding in the intermediate states can be neglected, 
the differential cross section for the Rayleigh scattering is given by the form factor approximation
d o  _  1 ( e~ 
d£i 2  , me2
(l + cos20)|F(</,Z) |2,
where the form factor F is defined as
(4)
F(q, z) = < 0 exp ^ q x  0 > . 
/=i
(5)
where 10 > is the ground state ket of the atom and is the position vector of they th electron 
in the atom relative to the nucleus. It p{x) is the total electron density at  ^ 2) becomes
F(q, Z) = f p(x ) exp -  q.x d \x  . (f>)
J h ~
For a spherically symmetric charge distribution
F(q. Z) = 4tt[ p(r) — dr,
Jo kr
w h ere
k = q~ .  w
For an clement other than hydrogen, the above equation cannot be exactly solved and 
it is then necessary to invoke the aid of various atomic models e.g. Thomas-Fermi model. 
Hartrec and Hartree-Fock self-consistent models, Dirac-Slatcr model etc. It is to be noted that 
the form factor eq. (4) can also be derived classically in terms of Thomson scattering, which 
assumes a point charge distribution while in the Rayleigh scattering calculations, finite extension 
of the charge in three dimensions in taken into account.
It is to be noted that in every type of form factor calculation, cq. (4) remains valid. If we 
define reduced differential Rayleigh scattering as
d o
d£2d a ' 
d£2 (1+cos2 6)
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F(q, Z)|2 , (9)
mem
so that the reduced cross section has no explicit dependence on E (there is implicit dependence 
through g, however) i.e. if we take q and Er as independent variables, should be independent 
of Er. Nath and Ghose [3] using the data available at that time showed that ^  , in fact, 
depends on Er as shown in Figure 2, where lines belonging to lower energies lie below those 
belonging to higher energies. It is quite clear, therefore, that the form factor approximation is 
not adequate to describe the phenomenon of coherent scattering, a result which will continue 
to be valid even with the improved accuracy of experimental data. This result can further be 
utilised as an accurate (within experimental limits, of course) semi-empirical formulation of 
differential coherent scattering cross-sections [3,4]. The formula can further serve to develop
Figure 2. Experimental <r' m data of Pb and Sn for different y-ray energies plotted as 
a function of q
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a method for semi-empirical measurement of inner shell electron distribution in high Z atoms 
[4]. Whereas derivation ot the differential scattering cross section from the more accurate 
second order perturbation theory is only approximate, the reduced cross sections using Fig. 2 
are more accurate. It is suggested, therefore, that the theoretical cross sections, be analysed in 
terms of reduced cross sections to yield a semi-empirical formula for accurate values of Rayleigh 
cross sections. It would also be interesting to theoretically compute cross section values for 
clOsSe values of island examine if the energy-wise separation ol reduced cross sections is really 
accurate or not. If they turn out to be accurate, it would be necessary to examine the theoretical 
basis of such separation. Again, it might be useful to change the polarisation factor 
= 2* (1 + cos~ ^  morc accurate values derived from the more accurate calculations. Obviously 
many more questions will occur to the reader regarding this strange behaviour of reduced 
cross section cr' ■
3. Measurement of total cross section of gaseous samples for low energy photons
A major problem in the measurement of total cross section of gaseous samples is to provide 
sufficient material between the source and the detector to ensure adequate statistical accuracy 
of the transmission measurements. The usual method for achieving this is to use as high a 
pressure of the sample as possible. One has to lake into account the effect of the high pressure 
container vessel on the background etc. Further, it would of advantage to reduce “dead” 
space which surrounds the direct beam. It would be interesting in this connection to examine 
the feasibility of using light rigid materials (compressed in stages if necessary) like foam plastic 
to pack into the dead space. For specially pure rare gases, the use of such packing materials 
would be economic too. Furthermore, it is almost inevitable that the measurements arc to be 
carried out under “good geometry” conditions. In this connection one might consider the use 
of multi-section filter system which has been developed for small angle coherent scattering 
cross sections. Some of the many correction factors which must be throughly analysed and 
removed or reduced are ;
(a) Finite Geometry Corrections ,
(b) Multiple Scattering Corrections,
(c) Room Scattering Corrections,
(d) Correction for sample dependent background,
(c) Correction for impurities present in the sample.
4. Cylinder transmission
Since the first application of the sphere transmission method by Collie and Griffiths 151, it has 
been extensively used in diverse areas in radiation physics 18-50]. However, spherical shells of 
uniform thickness are often difficult to cast since uniform foils can be rolled into cylindrical 
form rather easily and attempts were made, therefore, to explore the conditions under which 
cylinder transmission yielded exactly the same result as sphere transmission. It can be seen 
that relative to sphere transmission, cylindrical transmission emphasises the scattered radiation 
and hence the two transmissions can be made identical especially in the limit if the effect of 
scattered radiations could be compensated. We have developed several methods based on 
this compensation and shall be happy to discuss them with the other gleaners in the field. It 
must be stressed that strict cylinder transmission would require a line source of infinite extension.
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We have, instead, taken a point source of radiation with finite dimension. Design of experimental 
set up to carry out modified cylinder transmission experiments has already been completed and 
hopefully measurements will be carried out soon.
5. A strong source for nuclear resonance fluorescence studies
Many authors have investigated the possibility of using Compton scattering for developing a 
gamma ray source of continuously variable energy over a wide energy range. Mouton [6] 
actually developed such a source and noted that the need for separate surface for each angle 
of scattering. A very elegant source based on arc geometry was developed by Tandon and 
McIntyre [7] (Figure 3).
S = kilocune w,Co source, C = aluminium converter 
T = target whose nuclear resonance fluorescence is under study 
D = detector for the measurement of radiation scattered by T 
L = lead shields. H* = complon angle of scattering, 0  = resonance scattering angle
Figure 3. Schematic representation of the arc geometry source of continuously variable 
energy gamma ray photons based on Compton scattering.
It was suggested that by using a modified surface of revolution method, intensity of the 
beam can be considerably increased without substantially altering the energy spread of the 
beam. Such a method was actually tried for fast neutrons with considerable success. In order 
to alter the angle of scattering smoothly and continuously, it is suggested that the motion of 
the arcs and detector be microprocessor controlled. Some of the details have been discussed 
by Ghose [51J.
6. Concluding remarks
We have discussed only a few of the many unsolved problems in radiation physics. A substantial 
number of these can be solved by simple experimental set up. Some of the unsolved theoretical 
problems do not require advanced computing facilities; some of them are even amenable to the 
use of personal calculators.
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